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COILED TUBING SIZE SELECTION

Coiled tubing size
selection

This chapter examines the primary factors used fo determine the
selection of proper coiled ubing size.

of drilling and completing a well by using coiled tubing to drill a

microhole. Past experience has shown that a sufficient level of activity

must be sustained to keep the unit operating if the cost of drilling a well
with coiled tubing is to be reduced. The development of microhole completions is
relatively recent and the supplier base and available tools are limited. For the
purposes of this study, therefore, rather than designing a unit exclusively tor the
microhole completion market, 2 maximum completion size has been determined
that will masimize the unit’s potential by enabling it to be used by a greater
portion of the drilling market.

T he DOE microhole coiled tubing drilling project aims to reduce the cost

Based on research into current shallow well drilling areas and the types of completions
involved, a theoretically ideal wellbore schematic has been developed with a maximum
total measured depth (TMD) of 6,000 ft and a final completion size no greater than
4-1/2 in., bearing in mind that a surface and intermediate stang might also be needed
to isolate different hole conditions.

The conductor will be rotary-drilled in all completions, requining the use of a device to
rotate the drill pipe or auger. Chapter 10 of this study discusses various rotary devices.
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100 ft | ~o N 11 3/44n. Conductor setin 14 3/4—in. open hole
1,200 ft 9 5/8-n. Surface string set in 10 5/8-in, open hole
2,400 ft T—in. Intermediate stang setin 8-1/2-n. open hole
5,950 ft 4 1/24n. Production stnng setn 5 7/8-n. open hole
Largest Completion
/: 3 - 5380
Figure 1

The wellbore schematic (fig 1) is referenced in the following sections, and serves as the
worst-case scenario with regards to the largest envisioned completion for the purposes
of this study. Horizontal sections in the wellbore will not exceed 1000 ft; and a 5 7/8-
in. open hole will be the largest diameter for any horizontal section. Smaller completion
sizes will not be included in this project, as they histoncally take lower flow rates and
smaller motor sizes to drill.
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The project objective is to construct a highly mobile, lightweight and cost-effective
coiled tubing drilling unit. To keep this unit small and lightweight, the minimum coiled
tubing pipe sizes that can be run must be understood. Pipe sizes studied in this project
will be 1-3/4 1n., 2 in., 2-3/8 in., 2-5/8 in. and 2-7/8 in.

Coiled tubing fatigue modeling will be used to determine the number of cycles over
the goose neck can be made by a particular coiled tubing size under a given circulating
pressure. As circulating pressure is increased within a coiled tubing string, the stong’s
effective cycle life is reduced. Smaller cotled tubing sizes have higher cycle lives than
larger coiled tubing sizes, but require a higher pump pressure to achieve equal fluid
rates. The fluid rate is important when examining hole cleaning and downhole motor
operanon.

The following chart shows when 80 percent fatigue life, based on crack initiation
models, has been reached. Increasing wall thickness increases usable cycle life;
therefore, all coiled tubing wall thicknesses were modeled using the maximum wall
thickness available for all sizes. Coiled tubing design aid software was used to generate
(Table 1).

80 Percent Fangue Life Per € ‘yele

Reel T Wall 1000 pss 2000 pst | 3000 pst [ 4000psi | 3000 pa [ 6000pa | 7000 pst
Diamerer Size Thickness
In mches
70" 1.75% 204 162 158 138 111
80" 2,07 204 152 141 114 86
95" 2375 | 24 135 116 84
105™ 2.625" | 204 119 95
115" 2.875" | 204 115 86
Tndieates undesirable pressure due to reduced eycle life. (Table 1)

Effect of reel diameter on fatigue life. By increasing the reel core diameter, we can
also increase the expected fatigue life. The reel core diameter is limited because of
travel restrictions and to increase reel capacity. The following graph illustrates how
increasing the reel core diameter increases the cycle life of the vanious strings. For this
model the minimum reel diameter for 2 7/8-in. pipe is used in order to maintain the
smallest reel core diameter and thereby maximize reel capacity (Table 2).

80 Percent Fangue Life Per Cycle

Reel CT Size Wall 1000 pst | 2000 pst | 3000 pst | 4000 psi [ 5000 psi | 6000 psi | 7000 pst
Diameter Thickness
In mches
1152 175" 204 388 368 295 222 164 121 91
115™ 2.0 204 270 244 186 134
1157 2375 204 176 148 70
115" 2.625" 204 133 105
115* 2.875" 204 113 86
Indicates undesimable pressure due to reduced eycle life. (Table 2)
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To view the way in which reel diameter affects maximum pump pressure, table 3
displays the maximum obtainable pump pressure while maintamning relatively
equivalent fatigue lives berween strings.

Reel CT Size Pump Reel CT Size Pump
Dhameter Pressure Diameter Pressure
70" 175" 5000 ps 1157 1.75”

80" 20" 400 psi 115" 20"

as™ 2375 ﬂﬂmpﬁ 115 2378%

105 2.625” 2230;:. 115" 2.625"

1157 2.875" mEst 11 £ 2.875"

(Table 3)

This table 3 shows that we can expect equal fatigue life out of each string based on
associated pump pressures. These pump pressures provide a guideline for the
maximum flow rate achievable through the coiled tubing string, This flow rate directly
affects motor performance and cleanout efficiency.

By performing iterations in the wellbore simulator model, pump pressures and fill
removal efficiency versus flow rate can be determined. The wellbore simulator 1s run
for each completion size of the wellbore schematic. The results are shown in the
following tables 4,5 & 0.

Pump Pressure at Different Flow Rates Based on 12.5 ppg Brme and 380 psi Pressure Drop Across Motor

Surface Casmg

Pump | 207 CT [ 2.375” CT | 2.625”"CT | 2.875”CT Percent of mtal fill removed
Rate Surface Pump Pressure psi
bpm
3 4,696 1,667 951 861 98%%
4 7,883 2,748 1,524 915 98.9%
5 4,107 2,254 1,328 99%
6 5,729 3,132 1,829 9%
7 | —— 2417 9%,
[ ammg | s=e== | == ] ==ees 99%
0 Sl T . Q00
Table 4
Intermediate Casing
Pump | 2.0°CT | 2375” CT | 2.625"CT | 2875"CT Percent of total fill removed
Rate Surface Pump Pressure psi
bpm
25 3,464 1,299 791 5440 99.9%
275 4,081 1,500 893 593 100%
3 4,750 1,660 1,006 653 100%
4 | ----- 2,792 1,568 060 100%

Table 5
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Production Casing

Pump Rate L75" CT | 2.0° CT [ 23715°Cr [ 262"Cr | 2875"CT

bpm Surface Pump Pressure psi

2.25 06,6001 2,945 1,186 S 580
25 ey 3,522 1,365 863 620
Ly ] = 4,137 1,564 963 671
30 | ----- 4,800 1,784 1,076 731
325 | ----- 5,524 2,023 1,200 797
35 0 | 0 ewasae ] 000 me=e= 2282 1,335 871
3755 | ----- | - 2,559 L481 952
40 | - ] eeee- 2,853 1,637 1,039
a5 | - 1 ee--- 3,496 1,980 1,231
50 | 0 ----- - 4,207 2,363 1,448
55 2 | == | ee=ee ] es-e- 2,783 1,687
68 1 ----- | === mAe= 3,240 1,949
65 | 0 ----- - - === 2,233
78 0 |  e=e-- T e

Tuble 6

Note: Production easing s a 1,000 ft honzontal section at 5,000 ft

The previous tables indicate the surface pump pressure required to achieve given rates
through the given size of coiled tubing. For all iterations the length of the string
remained constant at 7,000 ft.

Actual pressures may very depending on the characteristics of the flud pumped and
the rate of penetration while drilling. Therefore, it is important to not work at the
extremes of a pressure group when using these tables. It is advisable to allow for a
minimum of 10 percent error on all the simulated pressures.

Data not reported in the tables indicates a pressure that exceeds the maximum

allowable pressure based on the previous fatigue life model. All the data displayed
indicates a usable flow rate based on the fatigue life model.

Next, the minimum flow rate needed to operate the proper downhole motor for the
size of hole drilled must be considered. The table 7 provides estimates of the flow rate
requirements based on vatious downhole motors. The specific motor specifications

will vary depending on the type of motor being used.




COILED TUBING SIZE SELECTION

Motor Size Minimum Flow Rawe bpm Maximum Flow Rate bpm Maximum
Recommended Hole
Size
2-1/16” 0.5 12 3.1/2"
2.3/8" 0.5 1.5 4-1/2"
2.7/ 8" (.5 2.6 4172”7
3-3/47 07 4.8 5-7/8"
4374 23 70 7-7/8"
5.07 2.3 8.3 7-7/8"
55" 2.3 8.3 B-3/4"
6-1/27 4.7 14.3 9-7/8”

Source: Black Max Operators Manual Tk

This table 7 shows that the minimum allowable flow rate is 4.7 bpm to dall a surface
string with a 6 1/2-in. motor. Referring back to the pressure tables shows that cotled
mbmg from 2375-in. to 2.875in. will provide a sufficient flow rate to meet the
minimum flow requirements.

The last factor in determining the optimum coiled tubing size is the cost of the strng
compared to its expected life. Table 8 lists representative numbers for the cost of a
coiled tubing string. It is important to note that these numbers can change with the

cost of steel and do not include shipping and handling,

WEIGHT
SIZE & GAUGE _LB/FT 80 Yield Cost/7000ft
175" Y 0.204° 3377 $459 $32,130.00
200" ¢ 0.204" 3,923 $5.22 $36,540.00
2,575+ 0.204" 4742 $5.83 $40,810.00
2.625" 1 0.204" 5.088 $6.50 $45,500.00
2.875" 4 0.204" 5.834 $7.29 $51,030.00

Source: Precision Tube Technology Prce List Table 8

By using this information, an estimated cost per cycle over the gooseneck can be
calculated. This provides an estimate of the extent to which the pipe size will affect the
overall economics of a prospective drilling operation. The next three tables show the
cost per cycle over the gooseneck for each of the different completion sizes drilled.
The information in this table is taken from the minimum flow rate requirements for
the drill motor in that particular hole size, and the minimum hole cleaning pump rate.




COILED TUBING SIZE SELECTION

Surface

Casing WEIGHT
SIZE & GAUGE _LB/FT
200" * 0.204" 3923
2,375" * 0.204" 4.742
2:625" + 0.204" 5.288
2.875" + 0.204" 5.834
Intermediate

Casing WEIGHT

SIZE & GAUGE _LB/FT

200"+ 0204" 3923
2.375" + 0.204" 4.742
2.625" 4 0.204" 5.288
2.875" * 0.204" 5.834
Production

Casing WEIGHT
SIZE & GAUGE _LB/FT
2.00™ ¥ 1).204" 3.923
2.375" Y 0.204" 4.742
2.625" * 0.204" 5.288
2.875" * 204" 5.834

80 Yield Cost/7000ft Operating pressure

$5.22
$5.83
$6.50
$7.29

$36,540.00N/A psi

$40,810.004107 psi
$45,500.002254 psi
$51,030.001328 psi

B0 Yield Cost/7000ft Operating pressure

$5.22
$5.83
$6.50
$7.29

$36,540.004081 psi
$40,810.001500 psi
$45,500.00893 psi
$51,030.00593 psi

80 Yield Cost/7000ft Operating pressure

$5.22
$5.83
$6.50
$7.29

$36,540.002945 psi
$40,810.001186 psi
$45,500.00775 psi
$51,030.00580 psi

Rate
N/A
5 bpm
5 bpm
5 bpm

Rate
2.75 bpm
2.75 bpm
2.75 bpm
2.75 bpm

Rate
2.25 bpm
2.25 bpm
2.25 bpm
2.25 bpm

Cycles at
pressure
N/A
70
105

100
“Tuble 9

Cycles at

pressure
134
166
134

114
Table 10

Cycles at

pressure
189
174
134

114
Tible 11

From tables 9,10 & 11 it can be seen that the cost per cycle changes based on the
casing string drilled. At higher rates one string will outperform another with respect to

cost. Based on these results, the 2.375-in. and 2.625-in. coiled tubing outperforms

Cost per
cycle
N/A
$571.42
$433.33
$510.30

Cost per
cycle
$272.68
$245.84
$339.55
$447.63

Cost per
cycle
$193.33
$234.54
$339.55
$447.63

other string sizes. The 2.0-in. coiled tubing was not selected because it is not capable
of drlling the surface casing.
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Reel size directly affects the ease of transportation of coiled tubing on U.S. roadways
and lease roads. If the reel is too large or too heavy, it may be necessary to obtain a
permit before traveling on the U.S. roadway system. Permit specifics are addressed in
great detail in Chapter 3. Reel size also influences trailer length and the resulting
turning radius. Many lease roads are narrow with very tight-radius access roads. It is
important that reel dimensions take into account an optimal turning radius and ease of
permitting,

Table 12 displays reel dimensions based on 7,000 ft of coiled tubing required to drill a
well of 6,000 ft TMD. The core diameter is the minimum core diameter for the pipe
size. Although increasing the core diameter increases fatigue life, reel capacity for this
exercise is optimized. The table shows the reel width and flange width combination
required to hold a minimum of 7,000 ft of coiled tubing with 4 in. of freeboard based
on 90 percent rap efficiency.

20" CT Width Core Flange Capacity

14 BO™ 105" T000"

13" 80 110" 8247

12’ 80 Lo 7658’

1 BO™ Lo 6951°

1 BO™ 115" 7804"

g 80" " 6214
2-3/8 CT Width Core Flange Capacity

14 95" 120™ 5053

14 95" 125" 6894

13 o5" 1307 B114"

12 95" 130” T555"

11’ 95" 130" 6995'

[ty 05" 135" 7722

8 - 135" 6178

8 95" 140" 7364
2-5/8" CT Width Core Flange Capacity

14 105" 135" FO00"

15 105 135" Y

13" 5" 140" 8195’

12’ 105" 140" S

11° 105" 140" 6958"

1 105™ 140™ G185

10 105" 145" 7587

8 105™ 1457 GO0

8 105" 150" 7235
2-7/8" CT Width Core Flange Capacity

14 11l 145" 5049

14 115" 150 6RBO’

13 EX5? 150" 6491"

13" 115" 155" 8298

12' 115" 155" T621"

i1 1157 160" 6774’

1 115" 160" 8310

1 E16" 160" 7636"

8 115" 160” 6232

8 115" 165 429

Table 12
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Coiled tubing weight is the final consideration when selecting a pipe size for drilling.
As the pipe OD increases, the overall string weight increases. This decreases the
permissible weight for other items on the same trailer. The final design concept will
determine the proportion coiled tubing weight will play in the design.

Table 13 lists coiled tubing string weight for 7,000 ft of coiled tubing for the given pipe
size. In this comparison, all CT sizes use a 0.204—in. wall thickness.

Pipe Size Wcighl for 7,000 ft
20" 27,461 b
2.3/8" 33,194 Th
2.5/8" 37,016 1b
27/8 40,838 b
Table 13

Conclusion

The final coiled tubing selection depends upon many different factors. It is important
to balance these factors and remain flexible with respect to the dalling operation. The
coiled tubing pipe needs to be of a size that allows the equipment to travel down U.S.
roadways under an annual permit, without escort vehicles. The size also needs to be
large enough to perform all the required drlling operations.

Results demonstrated that the proposed well could be drilled with 2.375-in. or 2.625-in.
cotled tubing. For purposes of wellbore cleanout and motor efficiency, however,
2.625-in. coiled tubing would be more appropriate.

Based on the performance results, the 2.875-in. coiled tubing had an advantage over
2.375-in. and 2.625-in. CT only from the point of view of flow rate and pressure.

Canadian coiled tubing drilling units use 2.875-in. coiled tubing for their drilling
operations because the size reduces pump pressure sufficiently to not wear out the
packing in their mud pumps.

While 2-in. coiled tubing could be used, it requires a specialized mud design to develop
adequate hole-cleaning properties for the surface casing, and a specialized bit for
drilling a large OD hole with a smaller motor. Pump pressures required for drilling
with 2-in. CT are extremely high and can cause premature fluid pump packing faiure.

Depending on the coiled tubing pipe size selected, it may be necessary to examine flud
pump selection because higher pump pressures can reduce the expected packing life
and the efficiency of a pump. Coiled tubing drilling requires fluid pumps to operate for
longer periods than they would for conventional coiled tubing operations. It is,
therefore, common for a fluid pump to wear out before the operation 15 completed. If
this happens, drilling operations are delayed until the pump can be rebuilt or another
pump 1 put on line.
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intentionally left biank




MAXIMUM PERMITABLE LOADS

Mast height and hook load
selection

This chapter compares rotary g and oviled fubing dviling g specjbeations fo
inestigate the statns of curvent technolagy. Tools and fool deployrment are also
exanined to determane their gffect on overall mast el

structure and floor height. Existing equipment, casing weight, casing lengths,

injector dimensions, top drive specifications, tool deployment requirements

and derrick configuration are addressed. It is the responsiblity of the
engineering team to use this information to optimize the dernck for size and weight.

T his chapter outlines the factors that control the end design of the mast

1
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Rotary rig specifications

The following table lists derrick and work floor specifications for rotary nigs that are
currently working in our selected market.

Rig Type Rated Load Dernick Hosse Floar Height Used Cost
Depth (It) Rating Haeght (ft) Power (ft) {LUs§)
(Ih)

Ingersoll Rand 20 6,500 120,000 700

Failing 2000 HD 2,500 53 350

Ideco H-35 6,500 180,000 05 350 2 460,000

Walker Neer AP 250-40 7,000 250,000 65

| Duggan DS 5 8,000 325,000 108 500

Spencer Harms 7000 7,500 250,000 96 500 1,400,000
Package

Natonal 1-32 5,250 2000001 96 575 10 725,000
Package

Ideco 11-37 7,000 224,004 103 400 11 500,000

Kremeo 231,000 103 550,000

Bruster M -4 5,500 250,000 097 10 150,000

Wilson Mongul 42 4,000 250,000 97 1,400,000

Garner Denver 3000 4,200 160,000 95

Bruster N-45 8,000 250,000 120 12.5

Cabat 550 8,100 250,000 108

Contnental Fmsco 4,500 180,000 106

GB160

Wichtex 4000 4,000 200,000 87 200,000

Wichtex 3500 3,500 150,000 70 345,000

Hopper Custom 5,000 180,000 96 8

Custom 6,500 220,000 108 12

Custom 5,500 180,000 90 8

Source: Web Rig Sales

The following table lists cotled tubing dnlling units that are currently operating in the
Canadian dnlling market.

Operator Depth Load Height Injector [njectar Coil Maximum Floor
(ft) Rating (ft) Pull Type Size Conl Length Height

) () ) | () (i
Precision 4265 100,000 63 60,000 Fleet 2.375 2329 Vanable
Precision 4265 80,000 74 60,000 Fleet 2.375 6135 Vanable
Precision 6561 119,931 91 80,000 HR 2875 6692 12
Precision 4265 80,000 74 60,000 Fleet 23715 6135 123
TrmlBlazer 08,915 80,000 S8, 35

Source: Operator Websites

Based on the preceding two tables, the minimum derrick height 1s 53 ft and the
maximum derrick height 1s 120 ft. The mean derrick height is 86.5 ft, while the most
common derrick height appears to be between 95 and 97 ft.

Load rating is a difficult number to generalize with rated depth because several factors
contribute to the rated depth of a dalling rig. The most common limiting factor for
depth is the horsepower rating of a rig. If the horsepower is too low to provide
adequate pull on the draw works, the load rating of the derrick becomes irrelevant.
Regardless of the rated depth, the two most common derrick load ratings are 180,000
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and 250,000 Ib. The coiled tubing drilling rig derrick load ratings are significantly less at
80,000—110,000 Ib.

All floor heights listed i the tables refer to clear floor height, which s the clearance on
the underside of the tig floor. This provides space for the drilling BOP stack, and
ranges from 8-12.5 ft.

Casing weight is one of the main factors affecting the derrick load requirement. To
determine a worst-case scenario for casing weight, the following tables are based on the
theoretical wellbore schematic described in Chapter 1. The first table (below) lists the
hook weights of various casing sizes in air. The highlighted values indicate possible
loads based on the maximum depth for that completion size. The second table
indicates what the hook load would be if the maximum completion length for each
casing size were filled with kill weight flud.

‘The following chart indicates the hook weght of different casing sizes m air

Casing Size Common 1000 ft 2000 fi 3000 fi 4000 fi 000 fr
Weight (fr)
9.5/8" 36 108,000 144,000 180,000
2% 23 92,000 115,000
6-5/8" 22 A8,000 110,000
5-1/2 15.5
41 /2> 195
3-1/2” 1.2
2-7/8" 6.85

Indicates expected operatng range

From the previous table, select the maximum expected running depth and
determine the casing’s hang weight in air filled with 13.0 ppg kill fluid.

Casing Size Common Casing Cu. Ft/Ft Weght of Casing Weyght | Total Wesght
Weight (ft) Length (ft) Flud (Th) (Ib) {Ib)
9-5/8” 36 2000 4341 11,287 72,000 83,287
7" 23 A000 221 8,619 69,000 77,619
6-5/8” 22 3000 1956 7,628 66,000 73,628
5-1/2” 15.5 5000 1336 8,684 77,500 86,184
41/2” 13.5 000 (1838 5447 67,500 72,947
3-1/2” 11.2 5000 04587 2,981 56,000 58,981
2.7/8" 6.85 5000 1325 2,112 34,250 36,362

The information gathered plus the application of a safety factor of 1.5 to 1 on the
heaviest casing weight of 86,184 Ib produces a maximum hook load of 129,276 Ib. This
load falls into the range of similar depth ratings shown by the vanous rotary rigs.

13
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Derrick height is a function of wol deployment, rotary drive method, injector head
and casing length. Several of these factors will combine to etther increase or decrease
the overall dernick height requirements. Therefore, it 1s important to understand how
these factors affect one another during the coiled tubing dnlling operation.

For the purpose of this exercise, it is assumed that the conductor will be rotary drilled
with the coiled tubing unit. However, in many drilling operations the conductors are
preset and grouted in place prior to their arrival. The conductor is set during the site-
leveling and preparation phase of the operation. In other words, rotary drilling
capability may not be needed at all for this unit.

Whether or not the end design includes rotary drilling capabilities, casing will need to
be run. Casing and drillpipe are available in three different ranges based on length.

Casing Range 1 16-25 ft
Range 2 25-34 ft
Range 3 34-48 ft
Drillpipe Range 1 18-22 ft
Range 2 27-30 ft
Range 3 38-48 ft

Currently, Range 2 casing and drillpipe is the most popular size on the market. For that
reason a triple stand is commonly referred to as 90 fr. However, Range 1 casing and
drillpipe was used for years before Range 2 and Range 3 categonies were introduced.

The derrick must be capable of raising the casing joint into the derrick above the
previous jomnt run. Typically, casing 1s pulled into the derrick by using elevators and
bails. The elevators and bails provide a means to catch the casing as it comes up the
V-door ramp, and raise the casing or drillpipe into the derrick. The elevator and bail
combination is typically 1015 ft long. The determining factor 1s the distance between
the well center and the V-door opening. The following figure shows casing being
caught before it 1s raised into the derrick.

14
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The derrick height can be reduced by 10-15 ft if an alternative method for catching
casing 1s developed.

Injector height is only a factor in underbalanced operatons, when the BHA 1s
lubricated instead of slick line-deployed. If the BHA is lubnicated, the derrick must be
capable of raising the injector on top of the lubricator. For some underbalanced
operations the BHA can be as much as 70-80 ft in length.

Currently, there are only two injector heads available on the market which ptimize
the weight and dimensional requirements required to remain within road legal
limits:

Stewart and Stevenson
Series 800 Injector
Maximum Pull 80,000 Ib

Maximum Snub 20,000 Ib

Tubing sizes 1-1/4 in. — 3-1/2 in.

Chains Remowvable inserts

Weight 6,500 Ib without gooseneck
Dimensions H 81 in. x W42 1in. x D 54.5-1n.

15
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DCT Coiled Technology, Inc

Model 8500

Maximum Pull 85,000 Ib

Tubing sizes 1-1/4in. — 41n.

Chains Remowvable inserts

Weight 7,680 1b without gooseneck
Dimensions H 83 in. x W55 in. x D 54 in.

Because the dimensions are similar on both injectors, we can assume the 83-in.
height of the DCT injector for determining mast height requirements.

Top drive height becomes a factor if the unit is to have rotary dnlling capability.
Similar to the top drive is the power swivel. The differences between the two are

discussed in Chapter 10.

Currently TESCO manufactures a small fit-for-purpose top drive system for the
shallow coal bed methane market. The dimensions and specifications for TESCO T75
top drive system are shown below.

SPECIFICATIONS:

T75/ T100 (Integraced Swivel) 100Ton T5Ton

Rated C 192 ton ¥ ranne 75 ton ‘68 tonne
Pull Down Capacity @ 50 RPM 20 ton 18.2 tonne 20 ton 18.2 tanne
Tannage & 160 AFM 120 tor %1 tonne 75 ton 68 tonne
W eight (with swivet) 4000 1bs 2 TR0 I 3,500 bz 2 50D kg
DOperating Length o £ % b 8 deabr) 140 in. 3 556 remm 140 n, 353 nn
W adth 2275 in | 08§ rern 4275 . | 088 mr

Max. Drill Torgue (#=€00073s)  |8.600 f-lbz | 372 daNere 18600 flbs | 371 daNem
Make-up Torque | 'P=4000 ps) 18,600 fe-lba | 372 daN-m 18,800 &bz | 372 dalNem
Braskiout Torgue {P=e500 psi) 21,100 Relbs | 556 dalNere 20,100 fi-lbs | 556 dalem

Max. Spead with (36 g, PITOGP 181 RPM 181 RPM 181 APM 181 RPM
Quill i i5 i 835 rem 25 . 63,5 mm
Top Drive Notes:

WWinight inthadas tap drivs, Shageetsd swical and 1pit blocks
Asrrats Pock sdaptor: aveiasle fur tha TIOD & TV
Power Unit Notex:

AT ‘wdustion metor, DT traction motar drs, er mad' ¢ by 2w bis: are scailss
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|| i

Tool deployment can be performed by several different methods, depending on the
condition of the well. If the well is overbalanced or at balance, the tools can be lowered
into the well with the well open to atmosphere. If the well is underbalanced, the tools
must be pressure-deployed, lubricated, or deployed against a downhole deployment
valve.

Owerbalanced tool deployment is the simplest method of deploying long tool strings.
During overbalanced tool deployment, each tool section is lowered into the well and
hung off by slips and a dog collar for safety. The next tool joint is then raised into the
derrick and made up on top of the lower tool joint. The dog collar and slips are
removed and the tool joint is lowered into the well. This process is repeated until the
entire tool joint is installed in the well.

17
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The following figure depicts overbalanced tool deployment.

Crane block

Elevators

Spiral drill collar

Powertongs

Dog collar

Spider slips

Work deck

Pressure control equipment

BHA/toolstring held in slips

—_/c C-plate

Slip bowl and slips

Hydraulic connector - mounted on top of
lower pressure control stack

Underbalanced drilling requires the tool string to be pressure-deployed. Several options
are available for deploying underbalanced. The first is to have a long lubricator section
that can house the entire tool string length, and a structure that can support the injector
above the lubricator. The second method 1s to use a subsurface deployment valve; and
the third method is the use of slickline to deploy the tools.
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In order to limit the height of the derrick and maintain flexibility in tool strings,
slickline deployment methods are recommended for underbalanced operations. This
allows the entire derrick height to be used for tool deployment. Slickline deployment
methods require only the injector head to travel over a short riser section that hides the
connection between the deployment bar and the coiled tubing. A disadvantage of
slickline deployment is the need for an extra BOP for the pipe and slip rams.

The following figure depicts a typical slickline deployment rig-up.

Slick-line winc
used 1o loac
toolstring

Lubricstor

Hydraulic connector

AnnularBOFP

Quad BOP

Wellhead
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The BJ Services mast drilling unit demonstrates how slickline deployment can be
incorporated into a coiled tubing drilling rig. The following figures show the equipment
BJ Services uses to deploy their DUCT coiled tubing dnilling BHA.

P
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Deployment Riser:

Wall Conmroll 80P and Deploymem BOP Sysiam.

Welgnts:

« Driling BOP:; 2100 Its.
+ Depioyment BOF- 5500 Ibs.

Wiell Conlrol BOP

Depioyment BOP

Anridlar Freventor l
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Well Control and Deployment BOP Schematic:
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Derrick configuration

The following diagram shows the minimum derrick height that can be achieved using
the Foremost style of derrick design. The diagram illustrates where and how it may be
possible to reduce the derrick height requirements.

; O
12 ft
H%—.—
I_l_l_.
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3oft
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Conclusion

Tool deployment presents the greatest challenge when reducing the mast or derrick
height. The longest indivisible tool joint can be expected to be approximately 35 ft
long. Space also needs to be allotted for the installation and handling of the tool joint.
Depending on the operation, this could mean an extra 5-10 ft over the actual tool joint

length.

When designing the derrick, it is also important to remember that tool joints may need
to be exchanged for bit swaps or motor swaps during the drilling process. The derrick
needs to be designed to accommodate this operation.

Based on the consistency of the data, a 12-ft clear height is a good starting pomnt for
designing the rig floor height. Floor height will ultimately be dictated by the ability to
clear and maintain the BOP stack.

A good starting point for derrick loading 1s 130,000 Ib. However, an API shop that
builds mast structures should have the deciding input into actual requirements. Any
experienced rig manufacturer can provide the minimum derrick load capacity based on
projected completion sizes and depths.
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Maximum permitable
loads

This dhegpter adddvesses the eriteria for obiining an annual over-dimension or
bt bermi

This chapter determines maximum allowable trailer dimensions and escort
requirements for the purpose of obtaining an annual permit in each state. The
dimensions cited in this section are the maximum allowed to qualify for an annual
permit without an escort vehicle.

The legal limits and their effects on our project are explained in the following
paragraphs.
On January 6, 1983 the federal government enacted the Surface Transportation

Assistance Act of 1982 (STAA). This act established uniform weight, length and width
requirements for vehicles using the interstate and other federally assisted highways.

The STAA has imposed the following maximum limits for all vehicles using federal
and federally assisted highways.

Width: 102 in.

Length: Semi-trailers — at least 48 ft
Weight: One axle 20,000 Ib
Tandem axles: 34,000 1Ib

Gross allowable weight: 80,000 Ib

Compliance with federal
bridge formula: W = 500 [LN/(N-1) + 12N + 36]

25



MAXIMUM PERMITABLE LOADS

Definitions

Gross Weight — The weight of a vehicle or vehicle combination plus the associated
loads

Single Axle Weight — The weight on one or more axles whose centers are less than
40 1n. apart

Tandem Axle Weight — The total weight on two or more consecutive axles that are
berween 40 and 96 in. apart

Note: The single and tandem axle weight limits supercede the brndge formula when axle
spacing falls into the range of the previous definitions. When axle spacing falls outside
the single and tandem axle definitions, the federal brdge formula 1s the miting factor,
regardless of the single and tandem limuts.

Use of the brdge formula is very straightforward, but requires a tractor-trailer
combination to be looked viewed in three different configurations. First, the tractor
weights alone are determined; then the tractor-traller combination; and finally, the
traller and drive wheel combination. The following is an example of the brdge formula
for a tractor-trailer combination.

Actual waght = 12,000 + 17,000 + 17,000 = 46,000 1k

N=3
L=20

W = 500[LN/(N-1) + 12N + 36|

W= 50020 x 3)/(3-1) + (12 x 3) +36] = 51,000 Ih

W exceeds the actual weight: therefore, the tractor loadmng s aceeptable,
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Actual weight = 12,000 4 17,000 + 17,000 + 17,000 + 17,000 = 80,000 Ih
N=5§

L =51

W= 500[LN/(N-1) + 12N + 306]

W =500[(51 x 5)/(5-1) + (12 x 5) + 36] = 80,000 Th

W

7 equals the actual weight; thercfore, the teactor-teatler loading is acceprable.

Actual weight = 17,000 + 17,000+ 17,000 + 17,000 = 68,000 1b

N=4
1= 33

o

W = 500[LN/(N-1) + 12N + 36)
W = 500[(35x 4)/(4 - 1) + (12 x4) + 34|
W =653331b

W 18 less than the actual weight; therefore, mn this mstance the truck exceeds the hmits set forth by the bndge formula.

Hither the weight must be reduced, or the teailer made longer,

27
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The following spreadsheet shows the legal limit and the maximum limit for vehicles
granted an annual permit without the use of an escort vehicle. There may be sign
requirements for any of the loads running under an annual permit.

It is important to note that for all overweight permits it is necessary to comply with
some form of the bridge formula or maximum axle loading requirement.

Permitable Limits with no escort
Permit |Parmita
Legal |Legal  |Legal Legal sbls |ble
_ [Stele Wickh [Height | Length Weight Ios |Permitable Wicth |Height |Length |Permitable Weight C
Colorado B5R 13 170 80,000}14 it 141110 |Color Caded Bridge SystetMaximum Bridge Load Ouad ade
Arizona Ia.s 35" (B5fhwy57|  BO000[125R 14 MBI80 R |160.000 gross
Idaho 8, 4 75 106,000[125 14f_[100f |105,000
Montans B 48 [SSRTraler | 132000(125R 1487 (1100 |Ade Deperdant forannuall ]
New Mexico  [B5f |14 5761 T B0,000/8.6 - 14ft 14ft |80k |Permit Dependant
g ) Weight imited by tum pike.
|Oilehama 857 135/ [70R BO,000|12 R 14t |BOR  |108.000 Medmum weight per mde 20,000 [bs
© (Oregon  [B5% [14R |56 Traler B80,000|Map Dependart (147 (851 [98,000 [Sign Reg) N
Texas B5R (14 69 Trailer 80,000[12 Rt 14 [110 1 [120.000 gross
§ [Ltah ia.n 12h 14f [105f |125000 gross
|Washington (B85 1 146% 78t |160.000 gross
Arkansas |EE 120 15h_[75Rh_ [180,000 Single Trip Permits Only
|Alsbama 85 | 107 n sk |
Over Dimensional and Over weight
Mot allowed on Annual permit
0012 Rt 145% [100f [100,000 | i —— —
0/10.5 Rt 135/ |75t
2 144080
oR 14n |esnr  [120.000 10 Day parmit availabls under
BO,000[12 4 in 135% GDR  [10800Csecade | E——
B0, Annual permit exists but is not
80,000[11 1350
2 B0,000[12 h 4R |80R
E 5% (1381  [S3 A Traller B0,00012 it 1251
o 85h [135h (53 f Traker B0,000[12.5 & 35/ 850
e B5R 14t 56 Tealler 80,000/ a4t [110n [120,000 gross
§ B5R |135R [S3ATraller | B0,000/14 i 100 [115.000
) ; Single Trip Permits Only
Mo Annual Permit Avallible
Ti
Single Trip Permits Only

Six month permit issued for anly a
single county oparation. No
Annugl not avallsble

' [ Tmrmmo
35h 901 Singls Trip Permits.

WASHTO states. There are ten western states that make up WASHTO: Anzona,
Colorado, Idaho, Montana, New Mexico, Oklahoma, Oregon, Texas, Utah and
Washington. These states have joined together to allow carriers needing
oversize/overweight permits for operation on highways and the regional network a
standard permitable load. Each jurisdiction may issue and collect fees and allow
operations in all other member junisdictions. The following limitations apply:
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> Length 110 ft overal

» Height 14 ft

» Width 14 ft

»  Weight 160,000 1b gross weight
21,500 Ib single axle
43,000 Ib tandem axle

53,000 Ib per tandem (wheelbase between 8-13 ff)

The single trip permit is valid for a period of five working days for the given permutted
vehicle only.

SASHTO states: Sixteen states have joined together to allow vehicles to obtain an
oversize/overweight permit that is valid in all nine states. The member states are
Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippt, Missourt,
North Carolina, Ohio, Oklahoma, South Carolina, Tennessee, Texas, Virginia and
West Virginia. The limits for this permit are as follows:

» Length 100 ft

» Height 14 ft

» Width 14 ft

» Weight 120,000 1b
20,000 1b single axle
40,000 Ib tandem axle

60,000 Ib three or more axles

The single trip only permit is valid for a period of ten days.
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A market analysis was performed to look at the possible areas of operation. The study
attempted to identify areas in which shallow drilling is currently taking place and the
level of activity in those areas. The results of this study can be seen on the following
map. The circled numbers indicate the number of wells drilled within a 200 mile
radius. The 200 mile radius represents a commutable distance from a central hub.

Total wells less than 5,000 ft in 2003/2004
By radius of travel

The map shows two major areas of interest the Mid West and the North Eastern
region. The following table compares annual permit limits for these selected states.
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Permitable Limits with no escort required

Permit
Permit |able
able |Lengt
State Permitable Width Height |h Permitable Weight
Colorado 14 ft 14ft |110 ft |Color Coded Bridge System
Montana 125 146 ft|110 ft [Axle Dependant for annual
New Mexico  |8.6 - 14ft May need escort [14ft |90 ft |Permit Dependant
Texas 121t 14 ft [110 ft [120,000 gross
Oklahoma 12 ft 14ft |BOft
Kansas 14 ft 15/ (126 ft {120,000
Whyoming 12 157t |76t
Michigan 121 14ft |B5f [150,000
Single
Trip
Permit
Pennsylvania |11 ft 135 |90 f s Only
Ohio 11t 135#
Single
Trip
Permit
West Virgina s Only

The table shows that a single trip permit will be required in the eastern states whether
or not the legal imits are exceeded. There for we will focus on the western states with

regards to trying to stay under weight and dimensional mits for obtaining annual

permits
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Conclusion

In most states it is possible to obtain an annual permit for over-dimensional and
overweight vehicles. In the majonty of these states the limit for over-height under an
annual permit is either 14 ft or the state legal limit. Over-width is generally limited by
the need for an escort vehicle. Most states require an escort vehicle when width
exceeds 12 fi. The typical allowable overall tractor/ trailer length under an annual
permit is 90-110 ft.

An annual permit can be easily obtained in most states if a reasonable width, length and
weight are selected. In most states, an annual permit is available for widths over 12 feet
up to a maximum of 14 feet, but these dimensions require an escort vehicle; going over
height, on the other hand, makes an annual permit very difficult to obtam.
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BOP Requirements

This chapter excamines BOP reguarements based on AP speafiations

BOP requirements are dictated by the governing body of each state, based on the
formation to be dalled. Formation data is used to estimate maximum bottomhole
pressures and flow rates. Based on this information, a minimum stack requirement is

placed on the permit to drill.

The American Petroleum Institute (API) has established a guideline API RP53 to
categorize the type of BOP stack required by different pressure categories. This
guideline addresses diverter, BOP, annular BOP and dnlling spool requirements.

In addition to individual state requirements are the internal requirements for BOP
stack equipment set forth in Sclumberger’s standards 22 and 22a. Standard 22a is the
coiled tubing drilling standard. This standard covers the BOP requirements for drlling
and makes an allowance for a 5,000 psi BOP stack, which mught be a far higher
pressure rating than would normally be required in some areas. At this time it does not
appear that a 5,000 pst BOP will add significantly to the BOP stack height and weight
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Excerpt from Standard 22a
9. BOP/Wellhead Equipment
The exact BOP/wellhead configuration will depend on several factors relating to hole
and casing sizes, underbalance-overbalance, and any unique features of the well being
drilled. As a minimum, the following must be used: Means of closing on size of CT
being used (CT sealing ram)

o Means of gripping the CT being used (shp-type ram)

©  Means of shearing/ sealing the CT being used (shear/ seal ram)

o Means of closing in on anything larger or smaller than CT (annular BOP)

Means of closing wellbore with nothing in the well (shear — seal, or blind rams)

o Tuo outlets on the BOP stack to allow flow in and out of the wellbore for well-kill operations

o Inside BOP/ safety valve to fit BFHLA (kept on rig floor at all tines)

o Float valve below lowest BH.A item (just above motor)

Wi §TD 22 A — Cofled Tubing Dalling Safety Stasidand (8.5)

Regardless of the pressure category, a minimum stack requirement will be outlined by
the individual state in which the well is dnlled, and will also be influenced by API
RP53.

The following BOP schematics are based on different pressure categories.
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Example arrangements for 2K-rated working pressure service

Choke/ Kall
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Example arrangements for 3K- and 5K -rated stacks

Choke/Kall

A = Annular BOP
R = Single ram-type BOP

S = Drilling spool with side outlets
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A diverter line 15 used in top hole sections where formations cannot withstand shut-in
pressures. Some areas require the use of a diverter as a safety precaution, regardless of
conditions. A diverter is an annular preventer coupled with a large diameter piping
system underneath. It 1s used when conductor pipe is set and is used to divert flow and
gas from the rig. Diverter systems are designed for high flow rates and low pressure.
To minimize erosion, flow lines should be large and as simple as possible. A diverter
system typically has two flow lines to allow for changes in wind direction. The
following figure represents a typical diverter arrangement for a coiled tubing drilling

operation.

CT stripper

Divertor assembly
allowing full closure
with CT equipment
rigged down.

Sat= 7 =>

Normalwellbare Largediameter
returns line emergency dump/
flare line
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The last piece of well control equipment is the choke manifold. The choke manifold
controls the flow rate to the pit in the event of a kick or maintains desired back
pressure. Most choke manifolds incorporate two individual chokes as a means to
divert flow in case one choke becomes plugged. A standard choke manifold design is
illustrated below.

Inlet
(Wellborereturns)

Choke |

Buffer
chamber

Outlet
(To pits or dump
line)

Conclusion

The BOP stack configuration will be determined on a well-by-well case basis as
determined by the individual state governing body.

State requirements may be exceeded by Schlumberger internal standards. Further
research needs to be made into exactly how state and Schlumberger standards compare
so that the well control stack can be optimized for safety and efficiency.

Diverter lines must be run if there is ever the possibility of encountering shallow gas.
The diverter line should be run away from the drll site downwind. If necessary, the
diverter line should be connected to a flare stack.
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BHA Requirements

Drilleng a wellbore from suface with coiled tubing requares rmany diferent BHA
assernblies. This chapler utlnes the different BHLA asserblies and bow they can

offt the end desion o a cibd tubing dhilbng i

The BHA for any dilling operation largely depends on the type and complexity of the
drilling operations and the conditions in which these operations will be conducted.
Based on the complexity of the drlling operation, a BHA may be made up of several
different components that serve various functions.

Typically, BHA assemblies are configured according to the driling operation they wall
perform. There is a difference between standard BHA applications, which can be
summarized as vertical applications, and those applications that are directional. Vertical
applications include new wells and well deepenings, while directional applications
include electric telemetry or mud pulse technology.

The following figures illustrate the standard components of the different types of BHA
for each application. These figures are only a representative sample of what each BHA
diagram may look like; other combinations are possible, and acrual BHA dimensions
will vary by vendor and according to the completion size to be drilled.
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Vertical Drilling BHA
Length Component Deescription
11t Coil connector
251 Check Valve
2t Release Joint
H-; 00 Drill Collar
10-251 Maotor
11 Drill Bit
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Horizontal Drilling BHA
Length Conéponem Descrption
11 Grapple connector
25% Dual Flapper Valve
21 Release Joint
25341 Suryey and Acquisition todks
13151 Orienting Tool
10-25 1 Motor
241 Bert Sub
1 Bit or Mill
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Wired Horizontal BHA Assembly

Cail Upper Quick Lower Quick Optional Dual Ball Power and Communication
Connector Connect (UQC) Connect (LQC) Valve Sub wi cable Sub (P&C)
(DBV wicable)

276 m [9.05] : 2.18m [7.15] i 242 m [7.94]
._?.QJL‘!ﬂchMPM- Presars Sanscrs; .38 [1.18] | LA |
—1&1np.m1)l-mmm W08 Semuor; 024 m P79 . [ i 200

3 —— =g O — ——— T [

Optional Drilling Directional Gamma Sub (DGS)
Performance Sub (DPS)

Electrical Dheormoﬂ lnd Cimumhg SUb (EDC)

4,13 m [13.547) 4 0,46 m [1.51] 3.30m [10.82°)
| N Sanme 1,60 2 i l

Hydraulic Power conh'oNI*’C) |nwrauu: Orienter Tool (HOT)~/  _ Optional 2.7/8" NaviDrill M1X-P X-treme
Flapper Valve
Sub (FV Sub)

Souree; Baker Hughes
Conclusion

Vertical drilling requires the rg to handle drill collars, which are a maximum length of
30 ft. It would be advantageous to the operation if the derrick was able to stand up the
BHA in the derrick for ease of deployment. This would also make motor and bit swaps

more efficient.

Horizontal drlling may require a lubricator system for pressure-deploying the tool
string. Because of the extremely long length of the tool strings, it will probably be
necessary to install the BHA in multiple sections with deployment bars. The longest
section length 1s 35 ft. Additional length, typically 46 ft, is added for the deployment

bar itself.

The largest OD of the BHA would be a 6 1/2-in. motor with a 10 5/8—in. bit. Dl
collar ODs may very according to hole size. These ODs influence the ID of the well
control equipment and lubricator. For honzontal work the largest OD will be a

5 7/8-in. bit; this dimension controls the pressure deployment lubricator TD.
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Operational procedures

This chapter provides an overview vf” #he general provedores for il voeled fbing
chilling applications. Sore finer details ey nor be included bere as they may be
s

This chapter provides an outline of coiled tubing drilling procedures according to type
of operation. Both overbalanced and underbalanced drilling operations are addressed,
though this does not necessarily mean that both operations will be performed during
the same drilling operation. However, it 1s possible that both operations may be
required in the same well, burt at different stages of the operation.

The initiation of different underbalanced drilling techniques such as foam dnlling,
misting and gas drilling are also discussed, whether or not these techmques will actually
be used.
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Site Preparation

STEP

Details

1

Prepare access road to locaton.

Ensure that all access roads are wade
enough for the turmnng radius of all trucks
needing enteance to location.

(55

Level site.

Level site large enough to spot all
necessary dnlling equipment. Uneven
ground will reduce the deenck hit
capacity.

Venfy well locaton.

Ensure that the pad to be drilled 15 the
correct wellsite.

Set conductor.

Have conductor rotary ng come m and
set conductor based on well plan/grout
m place.

w

Rag up starter head.

Have certified welder weld starter head

onto conductor.

6

Set tie-down anchors as needed.

Posiion anchors based on well center
PosIton.

Plan well site layout.

Determme arnval order and position of
equipment on location. Tight locations
may not allow cquipment to be tusned
around onee other equipment 15 brought
onto location,

Notes:
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Rig-Up Procedure

STEP

Details

1

Hold pre-ng-up meetmg,

Discuss equipment posiioning, job
responsibiliies and safety concerns.

2 Bring in CT drilling rig; Spot dalling ng over well center.
3 Bring m pipe traier.

+ Bring in muc system.

5 Bring in returns tank.

0 Bring in pump shuls,

7 Bring m generator system/hydraulic umt

8 Bring in water tank.

9 Bring m parts trailer.

10 Bring in chemical trailer.

l Bring in diesel tank.

12 Connect electrical eircuits, Connect all skid units that require
electrical power to generator unit.

13 Connect hydraulic cireuits. Connect all hydraulically dnven umits to
hydraulic power source

14 Raise mast. Elevate mast and guy down as needed.

15 Nipple up BOP stack. Connect BOP stack to starter head.

16 Run lines. Run lnes from pumps to BOT stack, CT
reel and mud system.

17 Run lines. Run lnes from mud system to flow lines
on BOP stack.

18 Pasition pipe racks. Position pipe racks next to pipe trailer,

19 Unload BHA and dall collars.

20 Fill water tank. Brmg m vacuum trucks to fill tanks.

2 Perform systems check on equipment. Perform wisual mspection of equipment;
check that equipment has been assembled
properdy. Check all fld levels.

22 Stab coled tubmg, Perform this step if unit does not come
pre-stabbed.

23 Pame fud pumps.

24 Perform pressure test on all fuid lines. Check that all valves and lines are
holdmg:

25 Pressure test BOP stack.

26 Transfer water to mud system.

27 Start gelling fuid. Mix dnalling flud as specified m the

dnlling program..

Notes:
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BHA Pick-Up Procedure - for Surface String/Intermediate String (Overbalanced)

STEP | Procedure Details

! Pull first dall collar to ng foor. With hydraulic winch or air tugger pull
drill callar to dnll floor,

2 Serew m lift sub, Serew hift-sub mto place and nghten with
a 3o-an. pipe wrench, Make sure rotary
connecton 15 shouldered up.

3 Latch lift sub. Latch hold of hft sub with required
elevators.

1 Laft dall eollar mto dernck, Dl wall pck up on blocks while the
roughneck tails the dnll collar into the
dernck,

5 Make up drll collar to PDM motor and bit. Serew on bit using the nght torque and
pipe dope. A bit breaker is used to hold
the bat from spmnmg when torquing the
connection.

G Record dnll collar displacement values, Metal displacement of dnll collar.

7 Check floor valve. Make sure that the proper crossover sub
is on the floor for the floor valve o
connect to the top of the dall collar for
well control.

8 Check well conditions. Venfy that well is at balance before
openmng.

9 Open well slowly.

10 Run dnll collar and bit mto well.

11 Set shps, Dnller stops blacks and enerprzes the
shps.

12 Install dall collar clamp. Alsp known as dog collar,

13 Slack off blocks.

14 Remave lift sub.

15 Pick up next lift dull collar. With hydraulic winch or ar tugger pull
dall collar to dall floor.

16 Install and mspect lift sub on next dnll collar.

17 Make up dall collars. Serew dnll collars together using proper
torque and pipe dope. Use makeup and
breakour tongs or a top drive and
breakout tong combmanon to torque the
connecion.

18 Repeat Step 11 through Step 17, Repeat Step 11 through Step 17 unnl all
dnll collars are made up.

19 Connect CT lubricator. Conneet any necessary lubneator to the
bottom of the mjector head to hide the
motor head assembly during connection
1o well head.

20 Run pipe down. Run cotled tubing down so conncction
can be made to end of cailed tubing,

21 Connect motor head assembly. Connect cotled tubmg motor head
assembly to the end of the cosled rubmg,
Typical mator head assembly ncludes CT
connector, check valves and release jomnt.

22 Connect to dnll eollars. Conneet motor head assembly to dall
collars

23 Unset shps, Pull out of hole with cotled tubmg and
support weight of dall stang with coled
tubing. Pull slips and remove drill collar
clamp.

24 Connect to BOP. Lower mjector and connect mjector
lubsicator to top of BOP stack.

25 Test connechion. RIH tar enough to close pipe rams

around coiled tubing and pressure-test
connection,
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Note: In some cases it is not possible to deploy the full dall collar length required due
to the shallow depth of the conductor. In such cases it is necessary to dall ahead with
coiled tubing until enough hole has been drilled to allow the remaining drill collars to
be picked up. At this time, pull out of hole to surface and break off the motor head
assembly from the drill collars. Complete Step 11 through Step 17 until all dall collars
have been connected, then proceed with Steps 18 through 25. It may be necessary to
run stabilizers at 30, 60, and 90 ft to help to maintain a true vertical well.

Pressure Deployment

STEP Procedure Details

1 Measure toals strng

2 Pick up required lubncator,

3 Make up crossaver, Cross over from shek line tool strmg to
deployment bar on first sectton of wols

4 Install tools. Pull tools int lubneator and position
lubricator over CT BOP.

3 Make up lubricator. Connect lubricator to CT BOP and bump
tool string up agamst stuffmg box.

6 Zeto counter.

7 Confirm RIH depth. Confim RIH depth agamst
measurements to ensure deployment bag
15 placed across pipe rams and shps,
leaving enough of the bar above the
BOPs to make up and break our the toal
string,

8 Slowly open swab valve. This equahizes the wellbore pressure
the lubricator,
Caution: Opening the swab valve oo
fast can blow wireline tools up hole
and result in breaking the wire line
and dropping the tols.

9 Run tools mto wellbore determmed depth.

10 Close pipe and slip rams on deplovment bar.

1l Pull test agamst ships.

12 Bleed pressure off lubncator.

13 Carefully rase lubnicator. Lxpose deployment bar and break out.

14 Repeat Step 7 through Step 13 for addiional segments.

Notes:

a7
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Deploying Injector

STEP | Procedure Details
1 Pick up mjector and required length of lubricator to cover
remaining segment of ool string,

2 Attach remamning tools to deployment bar. Record weight-mdicator weight before
cnrmﬂcting tQ (|(:Pln_§rmcnt bar.

3 Stap lubricator over tool stang and make up lubnicator to BOP.

4 Ensure all mjector settings are reset for running i hole Reset mside chain tension to prevent
cjection from well.

5 Open shp rams.

G Open pipe tams. Open equahzing port on BOP to prevent
damage to pipe ram seals.

7 Zero counter. Zera counter and POOH to tag strpper.

Record distance for reference when
reverse deployment is performed.

Initiating Overbalanced Drilling

STEP

Procedure

Details

1

Prepare drilling musd.

sel dalling fluid according to dnlling
program/

[V

Determme weight on bt

Determme BHA hang weight in flud and
calculate necessary snub or pull weight
needed to provide optimum weight on
bit.

Break circulation.

Record pump pressure and rate.

Tag bottom and start dnllmg,

Momtor pump pressure and adjust
penetration rate based on pressure
response. Pressure will merease if
penetration rate 1s too great as motor will
stall.

i

Perform wiper taps,

Perform waper trps as needed to keep
wellbore clean of excessive hlter eake.

Notes:
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Initiating Underbalanced Drilling

Gas Drilling
STEP Procedure Details
1 Dall out shoe. Dall out shoe with water or mud.
2 Pump slugs of gas Alternate slugs of s with water. Do not
use mud.
3 Pump 5 gallons of foammg agent. Omee most of the water is out of the
hole, pump foaming agent and arculate it
[0 remove water,
i Go to bottom and repeat process.
5 Light flare hne,
6 Dirill sne tool jomt.
il Repeat. 1-6 Contmue repeating until well makes dust.

If after 2 hours the well has not dusted, add 5 gallons of foamer and begin the process

again with Step 3.

Initiating Misting

STEP Procedure

Details

1 Unload well with air. Do not dry hole.

2 Laght flare lne.

3 Dnll one foot of formation.

4 Pick up one wol jomt. Continue Steps 3 and 4 for at least 5 feet,
If na drag is recorded, continue.

5 Steady returns. Wait for steady contrnuous mist to form

before adjusting mist volume or mixture.
Wait a minmmum of 30 munutes after each
adjustment before proceedng wath
further adjustments.

Initiating Foam Drilling

STEP Procedure

Details

1 Unload well wath ur Do not dry hale.

2 Check pit volume and separator volume

3 Start foam pump and compressor.

4 Dirll one foat of formanon.

5 Pick up one tool jomt. Continue Steps 3 and 4 for at least 5 feet.
1f no drag s recorded, continue.

6 Steady returns. Wat for steady contimuous mist to form

before adjusting mist volume or mixture
Wait a mimum of 30 mmutes after each
adjustment before proceeding with
further adjustments,
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Hole Cleaning

STEP Procedure Details

1 Pull off bottom.

2 Drop arculating sub ball. Perform this procedure only 1f a
arculatmg sub was mstalled 1 the BHA.
Circulating sub will prevent motor from
excessive motation dunng hole cleaning
ﬂpﬂfﬂuﬂn.s,

3 Ompen circulammg sub.

4 Increase pump rate. Record pump rate and pressure.

5 Pump one bottoms up. Circulate one hole volume of clean
dnlhng mud.

6 Check well control condinons Circulate weighted pill around if needed
to regrun balance,

6 Pull out of hole while eweulatmg, This will help carry any remaming

cuttings to surface.

Lay Down Procedure (Overbalanced Procedure)

STEP Procedure Details
1 Check well control conditions. Pump weighted pill if needed.

2 Pull out of hole, Watch weight indicator for excessive pull

weights,
3 Slow down POOH 100 ft from surface.
4 l'ag stripper.
5 Stop any pumpng.

6 Check well control conditions.

7 Break off lubricator.

8 Raise injector head and set slips,

9 Connect dall collar clamp.

10 Slack off on injector pipe weight

11 Disconnect coiled mbing motor head assembly.

12 Lay down absorbent on pipe rack . Thas 15 used to absorb fuds that will
dean off the dall collars as they are
pulled

13 Connect lift sub to dall collar

14 Connect elévators to dnll collar,

15 Pull dnll collars in reverse order of their mstallation sequence

16 Break out dell motor and bit for mspection. Inspect dnll motor and it for wear,

Lay Down Procedure (Underbalanced Procedure)

STEP Procedure Details

1 POOH until conneetor tags strapper. Do not exceed weak pomt when taggmg
if e-line 15 used.

2 Zero counter. RIH to pre-recorded depth n conled
tubmng deployment pracedure.

3 Close slip rams on deployment bar. Visually verify closure.

4 Bled pressure off above pipe rams. Ensure rams are not leaking before
proceedmg.

5 Strap lubsicator up to expose deployment bar

6 Break connecnon at deployment bar., Watch for trapped pressure.

7 Lay down tools and rig off injector.
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8 Move m deployment lubncator.

9 Make up crossover to sheklne tools,

10 Make up lubricator and pressure test.

11 Equalize pressure below tubing rams mto lubnecator.

12 Pull test connector.

13 Open rams.

14 Pull up hole untl tool string tags stuffmg box.

15 RIH ro recorded depth. Recorded depth m Step 7 of deployment
procedure.

16 Close pipe and shp rams on deployment bar, Check that shps are holding by slacking
off weight.

17 Bleed pressure off lubncator,

18 Break off lubricator to expose connection

19 Repeat Step 9 through Step 12,

20 Onee all tools are clear of swab valve, close the valve,

21 Bleed off lubricator, lay down rools.

Running Casing
Preparation

STEP

1

Rackmng

<

Verify correct casmg:

All easing handled with thread
protectars m place.

Store casmyg on racks.
Compare delivery note with
number of jomts delivered.
Rack jomts m order i which
they are required.

Distinguish different weights,
grades and threads.

Separate all damaged joints and
refum.

Number remaning joints.

(153

Numbenng

RN RS

Number each jomt with pamt.
Remove all other old markmgs.
Use different paint color than
amy existing marking.

Measunng

LK

Use only steel tape measure,
Measurements are made by 2
individuals using different
measuring devices.
Discrepancy m measurements
greater than | inch should be
m'mk"ﬂuﬂﬂj.

Measurements should be taken
from pin end to box end. The
makeup loss should be
deducted.

Drifting

Ensuse drfts are correct for
casmg weght being run.
Reject any casing that does not

dnft.

T

Threads

Inspect threads after they have
been cleaned.

Replace protectors after
mspecting threads.

Apply pipe dope to threads at
entrance to V-door, not over
the rataty, 0 prevent dope
brush from falling wiside the
casmg,

0O

Centralizers

Verify centralizer schedule
agamst casing numbering to
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ensure proper mstallation,

7 Rig preparation Wear bushmng has been
retneved.
Cortect BOP rams have been
mstalled and tested.
Block line visually mspected
and ton/mile record checked.
Maximum avalable overpull
with casing has been caleulated
and recorded.
Casmng fill-up hne 1s ready for
operanon.
Casing swages are of proper
size and pressure ratng,
All tank level sensors are
working,
Dall pits have enough space for
displaced fud.
Siude-door elevators have been
mspected.
Casing thread dope 1s on
locanon.
Thread locking compound and
cleaning matenals are an
loeanon.
Power tong torque calibration
has been checked,
Draw works brake system has
been checked.
Flevator inks are long enough
for cement equpment.

8 Running list — items to be considered or noted Date, well name, casmg size,

dall floor elevation and casing
specifications

Landed depth

Depth of float collar
Position of different weights
and grades of casing, if
applicable

Stick-up of the casing at drill
floor when cementing
Posiion of centralizers and
cement baskets m the hole
Minmmum and maximum
makeup torques

Diepths where casmyg shoe
enters open hole, washouts,

tight spots and loss zones

Running casing

Correct makeup torque has
been apphed.

Float collar does not allow back
flow.

Carculation through float
equipment s possible,
Displaced mud is diverted to
the same tank that the fillup
hne draws from.

Fach jomt is completely filled.
Specified running speeds are
not exceeded.

Centralizers are mstalled as
speatfied i the program.
Cirenlation 1s broken at
previous shae before entermg
open hole.

Spiders are to be used for
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running casing n open hole.

¥ Surge losses are mimmized by
teducing running speed.

¥ Nojomts are removed from g
site before end of job.

] After runnmmg casmg ¥ Ensure correct number of
jomnts remam on surface

v Circulate minunum of 120% of
casing volume.

v Perform pump test to
determme maximum pump rate
achievable before losses occur

¥ If hole packs off or hanger
starts to plug, cut pump strokes
mmediately to avoud fractunng
formation.

v Check circulation at ntended
cement displacement rates.

¥ Check mud propertics.

Cementing Casing

STEP | Procedure Details

1 Cement lines Ensure all cementing lines are properly
pressure tested.

2 Cement head Ensure that cement manifold valves ase
properly set and that the correet cement
plugs have been loaded.

3 Recording hardware Ensure that all recording hardware is

funenomal to record density, rate, pressure
and volume.

4 Venfy pump time Caleulate mixmg time, pump time and
displacement nme and check agamnst
slurry thickenmg time to ensure adequate

time for pumpmng.

5 Load tnckets Check load ticket for adequate volume
and eorrect additives.

6 Verify water Steap water tank to ensure sufficient water

15 on locarion for mixing and
displacement of displacing with water.

7 Linsure return tank volume Ensure that there 1s enough space in the
retumn tank to take all the retumed mud
and slurry from the cement job.

8 Mud scale Ensure thar a pressunized mud scale 15
available m the event of densitometer
failure.

] Samples Take sample of dry blends, mix water,
and pumped cement ont of each bottle.

10 Pump schedule Venfy pump schedule with daller. Check

cement volumes to ensure proper
placement and All-up heights. Venfy
displacement volume, Will cement be
placed on top of the plugy

11 Mix-and pump Mix and pump cement according to
schedule,

12 Drop plug Drop wiper plug.

13 Displace Displace cement at predetermined rate,
Slow dowa eate 10 bbl before bumping
the plug.

14 Bump plug Bump the plug 500 psi over circulating

pressure and shut down pumps. Surge
back and bleed off pressure to
displacement tanks: Venfy float holdng,
1 float does not hold pressure up to
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1000 pst, surge back. Test the float for
holdug.

15 Wash up Make sure that all equipment through
which returned cement travelled 1s
cleaned thoroughly.

Directional Drilling
STEP Procedure Details

| Make up bit ¥ Place bit mto bit breaker and

mstall makeup clamp

v Install articulation stiffeness to
protect bent sub from makeup
torque,

v Torgue bit.

2 Configure motor ¥ Hangmator m elevators.

¥ Access bent sub adjusting ring.

v Pollow manufacturer’s
mstructions for setting bent
sub angle.

¥ Tighten adjusting ring and
check setng,

3 Make up BHA ¥ Run i hole with motor.

v Mark the high side scribe hne
on the motor as it goes m.

v Install clamp on top of motor
and remove lift sub.

v Check the float mstallation m
the float housmg,

¥ I float 1s not mstalled, break
float housing and install float,
Re-torque after mstallng

¥ Install onenting tool by
aligning with high senbe mark,

v Install and torque remaining
BHA.

4 Shallow hole test ¥ Bangpumps to speed and
check for motor rotation and
leaks in the motor articulagon.

5 Dnlling curve v RIH to 20-30 fr off bottom
hole.

v Slowly bring pumps up to
speed to establish circulatnon.

v Confiem MWD is functioning,

¥ Oment motor as necessary.

¥ Slowly RIH and add weight to
bit.

¥ Monitor dnll face headg as
curve starts to budd.

¥ Venfy dull face heading,

¥ Start delling curve.
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New technology

This chapter describes new internal technolgy thet has potertial valbe for

1his project.
The purpose of the coiled tubing microhole drilling unit is to drill microholes
efficiently and inexpensively. Those technologies that can contribute directly to a
reduction in the overall cost or which can improve the efficiency of the operation
are discussed in this chapter. These technologies meet the following critena:
e Value to operation
®  Cost assoctated with implementing technology
e EHase of integration

e Ability to integrate at a later ime
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OpsCAB

e OpsCAB is a clean, relatively low-cost control system that can bring value to
the project based on the following features:

e}

O

o]

o]

Injector speed control

Injector slip control

Automatic pull test

Overpull and snubbing

Skate and stripper pressure leakage detection
Automatic reel tension adjustment RTH and POOH
Automatic reel brake release

Automatic tubing lubrication capacity

BOP closure detection

e  OpsCAB is designed to be a low-cost control system and should be
competitive from a cost point of view with any other control system.

e OpsCAB is designed to tie directly into existing coiled tubing hydraulic circuts.
Integration with any coiled tubing package is therefore very straightforward.
Field testing of OpsCAB installed on a standard hydra rig coiled tubing umt
has already been completed.

e  OpsCAB is fairly simple to integrate at a later ime except for the redundancy
of control systems, unless the old control system were completely removed.

InterACT

e InterACT is a wellsite monitoring system that transmits wellsite information
via the satellite back to users who are logged onto the InterACT website.
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InterACT is valuable as a wellsite monitoring system for standard coiled tubing
operations. The system does not currently have a display for handling pertinent
drilling information, which would make it even more valuable to the operation.

o The cost of InterACT will depend on the choice of satellite phone carrier, but
1s not projected to be an overly large expense.

e The system 1s easily installed.

e InterACT is simple to integrate at any time.

CT InSPEC
e CT InSPEC is a continuous ovality and wall thickness monitoring system. Wall
- thickness is a concern with coiled tubing strings that are in service for long

peniods of time or which pump large volumes of corrosive fluids. Because a
string will not have sufficient life for excessive wear or corrosion to occur,
fatigue life should be the failing eriteria of the microhole coiled tubing unit.
CT InSPEC will contrbute value to the project by its ability to certify that 2
string has a certain wall thickness remaining if it 1s resold for a completion.

e Costs for CT' InSPEC have not yet been established. However, each unit will
probably cost a considerable amount.

e The CT InSPEC system is straightforward to mstall

e CT InSPEC is simple to integrate at any time.

Technology Development

e Integrate pump and choke controls with the OpsCAB package.

e Integrate mud system and pit alarms with the OpsCAB package.

e Develop a daller’s report that will automatically update with current dnlling

activity when selected.

Develop or identify robust non-rotating stab in BHA connections to reduce BHA

makeup time.




AUTOMATED CONTROLS u l

Automated controls

This chapter focuses on the areas in whish atomaated conirols add valsue 1o the

Automated control systems have become extremely sophisticated, and today are quite
common on large, high-dollar offshore drilling rigs. Rigs use this automation because
time can mean serious money, and automation is one way to save considerable time in
an operation.

For our model, time is not as large a factor as manpower and safety. Therefore, ths
section focuses primarily on the ways in which automation can reduce manpower and
improve operational safety.

The amount of equipment on location, and the need to monitor the operation of that
equipment, directly governs the manpower required on a dnlling operation. Combining
control functions, monitoring gauges, and employing remote visual capability are all
methods of reducing manpower.
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The following list describes the equipment used in a typical dnlling operation and the
personnel required for each piece of equipment.

Drilling

Cotled tubing unit — requires a single operator located at the control console (operator
cannot leave position while drilling).

Fluid Pump — requires a single operator, unless the operation is controlled from the CT
console (operator cannot leave position while drilling).

Mud System — requires a mud engineer and an operator. The operator is optional if a
camera system is installed to watch returns. Pit alarms can handle outflow and inflow
from the well. The mud engineer is on location, but does not stay on pits except to take
routine measurements. The pit operator must remain on pits duning the entire
operation to verify that circulation is not lost.

Choke Manifold — this 1s usually manned by the same operator who monitors for
returns. The position could be eliminated by bringing choke control into the console.

Hydraulic power pack — requires an occasional walk around by the operator to perform
a visual inspection of the unit. Vital operating parameters should be displayed in the

console.

Generators — these require an occasional walk around by the operator to perform a
visual inspection of the unit. Vital operating parameters should be displayed in the

console.
Running Pipe
Block — requires one person.

Tongs — requires two people for the top drive, but could conceivably be performed by
one individual. However, this function would involve a considerable amount of activity

for a single person during the pipe running operation.

Pipe rack — requires one person.

Therefore, even though manpower can be significantly reduced by automating the
control system while dnilling, it still requires a certain number of people to run pipe. In
addition to the automated functions, a minimum crew would need to include a
supervisor, coiled tubing operator, and two hands.
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Drillers reports are required on every dilling operation. These reports require the
driller to manually record data already monitored and recorded by a standard coiled
tubing drilling unit. If this monitored and recorded data could be pulled and inserted
directly into the drillers report, it would take less time from the driller and ensure
greater accuracy of the data recorded.

An example of a standard drilling report is provided on the next two pages. It 1s
important to note that this example does not represent the only format in use, and that
this particular report does not necessarily include all the data that may contribute useful

value.
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COILED TUBING DRILLING DAILY REPORT Report Nr 23
page 1of 2
Oilfield Services District: Location: Report Date: 3-Sep-98
Operator: Well No: Well Type: Gas Injector
CTD Rep.: Company Rep.:
Signatura: Signature:
BHA RECORDS Run Time | Depth
RunNo.: 14 Drill Open Hole |Run No.: 15 Run No.: 14
ltem 1D No.: oD* | Length Itam ID No.: OD" | Length [Time In 15:15 hrs 1 Sepl
Coil Connector U111024 | 2875 0.94]Coil Conneclor u111024 0.94|Depthin  |7846 it
OrientXpress upper CT05102 | 3.125 3.15]OrientXpress uppeCT05102 3.15]Depth Out_ |B315 1t
OrientXpress orienter JCT02100 | 3.125 | 34.39]Xpress orienter  |CT02100 34.39]Time Out | 11:00 hrs 3 Sept
Flapper valve sub CT10102 | 3.125 0.75|Flapper valve sub |CT01102 (1.75]Run hrs.:43.75  Run ft. 0069t
Rlease tool 105Kn cTo1102 ] 3125 | 285|Release tool 105KJCT01102 2.85] Bit Type:Hughes Chr. GT-20
Motar 1.37 deg a14352-8] 2875 | 11.14|Motor 0.35 deg __|at43s1-2 10.96 g:ﬂ““"?r;’;";"l";l"ﬂ'g:f“"'
Tricone Bil S8aYY 35 0.49]PDC Bit 1207446] 3.5 0.62
Run No.: 16
Tima In 13:30 3 Sept
Depthin B315 1
Depth Out
Time Out
Run hrs.: Run fL.: xooo ft
Bil Type:R335G Hughes Chit
TFA4X12
— Grade
Cum Length in ft 53.51 Cum Length in ft 53.66
DRILLING OPERATIONAL DRILLS
Start Date - Driling 30-Aug-98 |oriling Fiuig Sea Water Last BOP Stack Test 26-08-98
Previous MD 7858 Current Fluld Weight 8.6 ppa Last Kick Drill
Present MD @ 23:59 8503 #t |Av. Pump Rate 1.8 bpm  |SCR Depth 7440 #
Total Length Drilled 947 1t |Av. Press on Bim 1800 psi  |SCR 1. bpm
24 hr Drilling Time 8.25 hrs  lAv. Wi Gn Btm 2500 Ibs SCR Pressure 627 psi
24 hr Footage 548 1 |Av. Press off Bim 1700 psi  |Plattorm/ Fire Drill 28-08-98
Av. 24 hr Drilling ROP 664 fmhr  |Av. WL off Btm 32,000 lbs  JH2S Drill
FURVEY DATA Critical A Velocities Third Party Man Hours
MD VD Incl  Azim | Depth oD D Rate | AnVel Company Man Hours  No.
8191.0 6B{B6.0 905 358.8] ra54n 3958 2375 abpm | 184  Baker Hughs Intea 72 6.0
8221.0 6485.0 90.3 38 | 35 2375 | |1.8bpm | 280  Schiumberghr WAT 48 4.0
8251.0 6486.0 89.3 9.0 " 0
82820 6868 88.2 14.7 lstcsal assin | bzoppr 7578 nmdhup Total 120
8312.0 64876 88.4 17.0 Rheolegy Dilfiela Sarsices Parsonns!
8406-0—6892-0 5655 e b Pt
e 8- —33-51—F e -5
mﬁﬂ e T Driller
- e e e — et e
Life = Sizos — — e L e IR
= e e - —— Hepeitd — Helpei
a"vlh 0L Lk e % 200
6578 + Vet s
FHEG H rsth —368
~—— = e -
ol L& etk e b D
Fe snm Combined Nartics Mon Hours Worksd 3200
Length 12425 ft CollDisp | 413 PH Combined Parties Man Days Worked 325

61
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COILED TUBING DRILLING DAILY Report Nr 23
i nage 2 of 2
Dilfield Senvices District: | ocation: Repor Date: 3-Sep-98
Dperator: Weil No: Well Type: Gas Injector
[CTD Rep.: [Company Rep.;
BSignature: Bignature:
Start  |Finish [Code Operation Distribution Hrs
0:00 |2:00 2 Prill 3.5 hole from 78955 ft o 8045 t DWOB max 4.5 k Ibs. norm 3/3.5 k Ibs 1. Rig up/down .00
Pump rate 2 bpm/1882 psi, annulus pressure 3150 psi . Drilling 8185
200 | 245 13 Wiper trip to 7840 ft. Up weight 30k Ibs, Hole good B. Milling 0:00
245 | 500 2 il 3.5" hole from 8045 ft 1o B315 ft, Linad up on well trajectory. Top of K Reaming :00
Maastrichian 7861 fl. f.Circ & Condition 0:00
500 |11:00 | 6 POH to change motor angle. Circulating rate while POH 0.6 bpm/386 psi b. Tripping 10.00
Hole good. No circulation through the window 7. Orienting 0:00
[Continue to circulate to surface 0.6 bpm/ 386 psi. Hole 186 psi an choke p.Loaging 0:00
Blop circulating, close well in upper swab, close master and choke. b.vwo / Surveying 0:00
11:00 |13:00 | 27 Wind speed and direction make adverse working condition in tower [10.Run Liner 0:00
hssess situation. Wind speed 42 gusting 54 knots [11.Cementing 0:00
13:00 [13:30 | 14 Jayoutand change mud motor and bit from run 14 [12.Perforating 0.00
13:30 [14:00 | 14 [pick up mud motor and flow test b3 wiper Trip 045
14:00 |156:00 | 14 Make up ser and pressure lest 5000 psi and tast check valves 1500 psi |14.BHA Handling 200
16:00 |15:30 6 RIH (run 15) to 344 ft No circulation. WHP 80 psi, CT pressure 145 psl I15.F‘ressure Testing | ooo
15:30 |16:30 | 30 [BHIlogaing cabin electrical problem IlG.We-II Control / Drill | o.c0
16:30 |20:00 | & [Eontinue to RIH o 8315 fL.(Correlale with gamma marker (+20 ft)) II?.FIow Check 0.00
PDown drag at 7557 ft 3k Ibs, circulation rate 0.6 bpm/250 psi |18.BOP Test 060
20:00 | 0:00 2  Prill 3.5" hole from 83156 1l to 8503 ft ho.stuck Pipe 0.00
DWOB 1.5 - 2.0 k Ibs, circ rata 1.8 bpm. Up weight 32k Ibs 20.Loss circulation 000
21.Fishing 0:00
P2 Maintenance 0.00
23 Pipe Management| oo
4.CT Cleanout 000
5.CT Treatment 0:00
26, Safety Meeling 0:00
27 WOW 2:00
P8 Wait on SLB. 0:00
29.Wait on Orders 000
30.Wait on Others 1,00
1. Other
Total Hours  |24:00:00
Start |Finish | Code Operations to 06:00 hrs & next 24 hrs planning Safety Information
0:00 1:30 2 Prill from 8503 A to 8626 fL asl Safety Meeting 20,08 90
01:30 02:30 13 Wiper trip to 8200 it. Maximum overpull 15k Ibs Reported Incidents "
02:30 03:30 2 Drill from 8626 ft to 8710 fi. Difficult to get weight 1o bit. Pull back. Pipe stuck Pocidents 1
03:30 | 05:00 19 Pttempt to free stuck pipe . Max pull 65,000 Ibs, Pipe freed Pays Since LTA 9
05:00 | 06:00 8  JPOH, tight hole fram 8200 it to 7880 f, increase circ rate, decrease pulling speed Total Project Days 23
remarks:
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Weight on bit affects the overall rate of penetration that can be achieved. In order to
optimize drlling performance, a steady weight on bit needs to be maintained. This 1s
extremely difficult, as the weight indicator on a coiled tubing unit cannot accurately
depict the actual weight that is being applied down hole. It has therefore become
standard practice to monitor pump pressure and maintain a penetration rate based this
pump pressure so that the motor never stalls. Stalling of the motor is indicated by an
increase in pump pressure. As pump pressure increases, the rate of penetration is
decreased, so that a constant torque is placed on the motor. This process could be
automated; however, it would require the pump to have a dampener to eliminate
pressute spikes created by pump noise.

Coiled tubing controls can be automated to perform scheduled tasks that are
required on a regular basis, such as oiling the chains, performing a pull test, monitoring
skate pressures, and numerous other small tasks.

Operating parameters, such as engine temperatures, oil pressure and hydraulic
pressures, also need to be monitored. These parameters can be monitored by the
system and compared to a preset operating range. If the parameter is out of range, an
alarm sounds, causing a preset operation to take place based on the alarm setting,

Much of this type of automation has already been developed and is currenty used in
the CT Express and the CT SEAS coiled tubing units. The primary disadvantage of
this type of automation is the cost of programming and future equipment support
requirements.

Monitoring of secondary equipment is crucial if a clean and complete record of an
operation 18 to be obtained. It is common for different pieces of oilfield equipment to
be required for today’s operations. Each piece of equipment monitors its own
operation and produces a report. These reports are collected at the end of the drilling
project and are summarized into one report. It might be beneficial to be able to
monitor all the Schlumberger standard equipment that could possibly be used at the
well site during dnlling operations from the control cabin.

Whether the ability to monitor each piece of equipment would be beneficial needs to
be evaluated on a piece-by-piece basis with respect to value, cost, and ease of
integration.
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WORK TABLE

Work table

“This chapter ists the standeard congponents and tools comrony found on rotary
dhillng rigs. 1t is the responsibility of the design tean 1o determine whelber these
comnponents are necssary orbow they can be integrated based on the end desion.

Components

Air hoist for raising tools while block is supporting a load

Makeup cat head if makeup tongs are used

Breakout cat head for breakout tongs

Rotary hose leading to drlling swivel of top drive

Slips and slip bowl

Profile for bit breaker in the work table

Controls for top drive and block

Place to stand pipe, BHA assemblies and lubricator

BOP and diverter controls if all personnel will be on the work floor
while running casing

B Eee e N g R

Required tools

Bit breaker

TIW valve

Slips

Drill collar clamps
Casing elevators
Drillpipe elevators

Crossover subs
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Lifting subs

Chain tongs

Pipe dope

Standard end wrenches
Phers

Pipe wrenches

Screw drovers

51b and 10 Ib sledge
Tape measure

Allen wrenches
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Rotary equipment

This chapter desoribes the differences between a top drive systern and a power
swivel "The rotary table is not addressed in any deteal as i is nol well sudted 1o

A top drive is the obvious selection over a rotary table for coiled tubing drlling
applications, for the following reasons. A rotary nig requires a taller derrick to handle
the Kelly on top of the dullpipe when drilling begins; and the Kelly takes up
considerable space on the work floor and requires both makeup and breakout tongs
for making connections. A top drive system can torque drillpipe connections using
only a backup tong.

Some Canadian drillers use rotary capabilities as a backup with coiled tubing dnlling.
These operators prefer rotary dalling for the simple reason that it has formed their
expenence and is the basis of their knowledge.

A top drive is used on a coiled tubing drilling unit to drill the conductor, and possibly
the surface string in certain applications. Conductors are rotary drilled primanly
because there is insufficient rat hole to make up the long drilling BHA required for
coiled tubing dnlling. It 1s also easter to mitiate a straight hole with colled tubimng if there
is sufficient hang weight to straighten out the coiled tubing,

A top drive might not be necessary for this project. A power swivel, which has fewer
capabilitics than a top drive system, might be sufficient. The advantage of the power
swivel 1s that it is a much smaller, more compact and lighter piece of equipment than a
top drive. A side-by-side comparison based on benefits and ease of installation 1s
recommended once a preliminary concept has been established.

The differences between a power swivel and a top drive system are listed as follows.
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Power swivel
e [Tlydraulically powered rotation
e Ability to support rotating pipe load
e  Sealed swivel arrangement to convey dalling fluid to rotating joint

Top Drive

Includes all functionality of the power swivel (above) plus the following additional
functions.

e Hydraulically manipulated elevators
e Ability to trip pipe with power swivel
o  Ability to drill with doubles or triples

e  Ability to make and break connections by remote control

Source: Venturetech Group

The following figures illustrate an example of a power swivel and its standard
dimensions.
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XK-90 DIMENSTONS

Source: Venture tech Group
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Source: Venture Tech Group

The following figures provide a side-by-side visual comparison between a top drive
system and a power swivel.

Power Swivel Top Drive

Source: Venmre Tech Group Source: Tesco
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